G protein-coupled receptor 30 mediates meiosis resumption and gap junction communications downregulation in goat cumulus-oocyte complexes by 17β-estradiol.
Estrogen plays a critical role in the regulation of gap junctions between oocytes and granulosa cells in mammalian ovaries. G protein-coupled receptor 30 (GPR30) was identified as a membrane estrogen receptor, mediating rapid, nongenomic signaling events that might be responsible for the regulation of oocyte meiosis resumption and gap junction intercellular communications (GJICs). The present study aimed to determine the expression and localization of GPR30 and its role in oocyte meiotic progression and GJICs in goat cumulus-oocyte complexes (COCs). Immunofluorescence experiments revealed that GPR30 was primarily located in the plasma membrane of cumulus cells and oocytes in goats. 17β-estradiol could promote oocyte meiotic progression, which was blocked by G15 (a selective GPR30 antagonist) but not ICI182780 (a nuclear estrogen receptor inhibitor) in the early stage of in vitro culture. The effect of 17β-estradiol on the GJICs was quantified by lucifer yellow (LY) microinjection and calcein-AM fluorescent dye diffusion. 17β-estradiol treatment of goat COCs resulted in rapid downregulation of GJICs. The transfer of calcein from cumulus cells to oocytes could be significantly inhibited by carbenoxolone (a known gap junction blocker), 17β-estradiol or G1 (a GPR30 agonist), and this inhibition could be reversed by G15 but not ICI182780, indicating that GPR30 mediates the effect of 17β-estradiol on the rapid downregulation of GJICs. 17β-estradiol also stimulated the serine 368 phosphorylation of connexin 43 (Cx43) when COCs were in vitro cultured for 4 h, 6 h, and 8 h. More importantly, 17β-estradiol or G1 could separately promote the phosphorylation of extracellular signal-regulated kinase 1/2 (ERK 1/2) and Cx43 significantly when COCs were cultured for 4 h. Furthermore, both ERK1/2 and Cx43 phosphorylation could be inhibited by G15 and the epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor AG1478 or by the ERK1/2 inhibitor PD98059, indicating that EGFR-ERK1/2 signaling was involved in these events. These results supported the hypothesis that GPR30 mediated 17β-estradiol-stimulated meiotic resumption and GJIC reduction in goat COCs. Thus, the present study provides novel insights into elucidating the mechanisms for steroid hormone action in the regulation of oocyte maturation.